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Description 

The present invention relates to a method and 
an apparatus for sterilizing and/or pasteurizing non- 
packaged biological products, containing bacterial s 
and sporal loads, particularly in the liquid or vis- 
cous state, in order to extend their shelf life. 

The biological products involved are mainly 
constituted by food of animal or vegetable origin, 
such as milk and its by-products, eggs, creams, io 
wine, fruit juices and pulps, and preserves prior to 
their packaging in appropriate containers or pack- 
ages. However, non-alimentary biological com- 
pounds, for example for pharmacological and medi- 
cal use, such as serum, blood and hemoderivatives ;s 
in the loose state, prior to their packaging, may 
also be preserved according to the present inven- 
tion. 

The main components of the above mentioned 
biological products, and in particular of the alimen- 20 
tary ones, comprise water, sugars, mineral salts, 
fats, vitamins, biochemical compounds, such as 
enzymes, antibodies and hormones, together with 
biological components of microbial and viral origin. 
For example, milk is an emulsified solution of lac- 25 
tose, casein, fats and of some mineral salts in a 
water content of over 85%. Pathogenic microorgan- 
isms present in this food constitute the so-called 
bacterial flora, which comprises, among others, 
Microbacterium tuberculosis and a wide range of 30 
viruses, including the poliomyelitis virus. 

The problem which must be solved by means 
of the sterilization and/or pasteurization of these 
products essentially consists in attenuating the 
pathogenic and enzyme activity of the micro-or- 35 
ganisms while respecting the active principles 
which determine the original organic and or- 
ganoleptic properties. 

Known preservation methods used on an in- 
dustrial scale are of the physical, chemical-phys- 40 
ical, chemical and biological types. In particular, 
physical methods comprise refrigeration, heat 
transmission or drying. 

Among the above mentioned methods, pro- 
cesses based on the application of heat are by far 45 
the most valid and widespread in solving the above 
mentioned problems. Heat application conditions 
depend not only on the type of product to be 
treated but also on the types of micro-organism 
contained therein and finally on the simultaneous 50 
use or non-use of other preservation processes. 
The degree of heat resistance of the micro-or- 
ganisms must be related both to external and envi- 
ronmental factors, such as the initial microbial con- 
centration of the medium, the characteristics of 55 
said medium and the time and temperature param- 
eters, and to intrinsic factors, such as the heat 
resistance of the germs. 



Sterilization destroys ail the micro-organisms 
present in a products by heating the product up to 
temperatures comprised between 65 and 121 °C 
for a time comprised between 5 and 12 minutes. 

Pasteurization comprises a moderate heat 
treatment in order to destroy most, but not all, of 
the bacterial flora by using temperatures below 
100°C, generally comprised between 60 and 
75 «C. 

In both cases, the temperature and duration of 
the heat treatment depend on the heat application 
method and on the type of product. Furthermore, at 
the end of the treatment the product must be 
subjected to the fastest possible cooling down to 
temperatures below 35 0 C before being introduced 
in sterilized containers. 

In the sterilization process as well as in the 
pasteurization process, heat can be applied with an 
indirect exchange, in which the product and the 
heating medium are separated by the wall of an 
exchanger, or with a direct one, in which the prod- 
uct and the heating medium are in direct contact. 

Current thermal preservation methods are the 
most important from the industrial point of view, but 
they have some problems. 

In order to increase the effectiveness of ster- 
ilization, it is in fact necessary to raise the maxi- 
mum temperature of the process, with the con- 
sequence of damaging the product from the or- 
ganoleptic point of view, sometimes giving it a 
cooked or burnt taste or reducing its natural taste 
and aroma. In non-alimentary products, high tem- 
peratures can destroy essential enzymes and pro- 
teins. 

Furthermore, in indirect-transmission systems 
the heat is transmitted from outside inward, so that 
it is necessary to increase the temperature of the 
exchange surface in order to destroy the micro- 
organisms even in the innermost regions. This can 
produce a partial non-uniformity and ineffective- 
ness of the process. 

In direct-exchange systems, the heating me- 
dium is generally constituted by steam, which has 
the disadvantage of condensing inside the product 
itself. 

Electronic preservation apparatuses having no 
exchange surfaces have recently been provided 
and are based on the following principle. 

As is known, micro-organisms, like all living 
organisms, are poor heat and electrical conductors. 
Because of this, the application of heat to these 
organisms is difficult and slow, and also occurs 
unevenly. In practice, due to their low electrical 
conductivity, micro-organisms behave like dielectric 
particles which align in an external magnetic field. 

Figures 1a and 1b schematically illustrate the 
structure of a pathogenic micro-organism A, for 
example constituted by a unicellular organism 
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which has a generally spherical shape, when it is 
not subjected to any magnetic or electric field. If 
the micro-organism A is placed between the plates 
B and C of a capacitor suitable for generating an 
electric field with lines of force which are substan- 5 
tially perpendicular to the surfaces of said plates, it 
is observed that its approximately circular contour 
deforms and assumes the configuration A' due to 
the migration of charges with opposite signs toward 
its ends. Therefore, part of the energy of the field w 
is transferred to the micro-organism as deformation 
work and part is transformed into kinetic energy, 
which increases the micro-organism's molecular 
agitation and therefore its temperature. Collisions 
due to molecular agitation and the deformation 75 
work tend to weaken or break the atomic bonds of 
the molecules of the microorganism 1, altering its 
structure irreversibly. In Figure 2b, the orientation 
of the electric field generated by the plates B and 
C is reversed, and consequently the molecular 20 
dipole also undergoes a change in shape and ori- 
entation, assuming the configuration A" which is 
symmetrical to the preceding one. High-frequency 
oscillation of the electric field generated by the 
plates B and C therefore produces corresponding 25 
structural modifications of the molecules of the 
pathogenic microorganisms, accompanied by mild 
heating, causing their complete degeneration at 
certain resonance frequencies. 

By using the above described physical princi- 30 
pie, electronic preservation methods entail the im- 
mersion of the product in a high-frequency alternat- 
ing electric or electromagnetic field for a time suffi- 
cient to cause the structural degeneration of the 
pathogenic microorganisms. 35 

The Japanese patent application, publication 
No. 2-211855 filed on February 10, 1989, describes 
a method and an apparatus for sterilizing an al- 
imentary liquid by irradiation with high-frequency 
electromagnetic waves. 40 

In this known method, the radiation is con- 
stituted by microwaves at frequencies higher than 
1 GHz emitted by a magnetron oscillator and are 
transmitted axially inside a waveguide, with very 
short irradiation times in the range of a few sec- 45 
onds. Due to the high frequency and to the limited 
wavelength of the electromagnetic waves, shielding 
is necessary in order to protect the personnel that 
works in the neighbouring area. The intense heat- 
ing caused by the microwaves furthermore forces so 
to perform extremely short treatments in rapid suc- 
cession, each of which is followed by intense cool- 
ing in order to keep the product below the tem- 
perature at which its organic and organoleptic prop- 
erties change. 55 

Patents US-A-2 576 862, US-A-3 272 636, FR- 
A-2 547 732 and DE-A-2 628 234 describe other 
methods and apparatuses which use electromag- 
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netic waves with frequencies comprised within the 
ranges of microwaves and/or radio frequencies. 
These known methods and apparatuses are applied 
to already-packaged products and always require 
appropriate shielding against emissions which are 
harmful to the human body. 

However, generally the destructive action of the 
alternating electromagnetic field affects not only 
the pathogenic microorganisms but also the active 
principles which determine the organoleptic prop- 
erties of the products to be preserved, these known 
methods and apparatuses reduce said organoleptic 
properties, reducing the value of the active princi- 
ples. 

US Patent No. 2,508,365 discloses an appara- 
tus adapted to subject a fluid matter to a high- 
frequency field by means of a continuous flow 
method comprising a preheating step. 

Japanese patent application, published JP- 
62151167 (abstract), discloses a method and ap- 
paratus for the continuous sterilization of a ther- 
mally coagulating fluid by heating the fluid with a 
microwave heater for a short time, keeping at the 
temperature over a specific interval and quickly 
cooling the product. 

The aim of the present invention is to obviate, 
the problems described above by providing a 
method and an apparatus for the continuous ster- 
ilization and/or pasteurization of non-packaged bio- 
logical alimentary and non-alimentary products, 
particularly in the liquid or viscous state, which 
allows complete and uniform preservation in con- 
ditions of high reliability, leaving the organic and 
organoleptic properties of the treated products un- 
changed. 

A further object is to provide a method and an 
apparatus which do not require the use of specific 
shielding, so that they can be used in combination 
with, or in replacement of, conventional thermal 
apparatuses. 

Another object of the present invention is to 
provide an apparatus which is constructively simple 
and economical, so as to be affordable even for 
small user or producer companies. 

This aim, these objects and others which will 
become apparent hereinafter are achieved by a 
method and an apparatus respectively according to 
claims 1 and 5. 

The method and apparatus according to the 
invention obtain sterilization and/or pasteurization at 
temperatures which are assuredly lower than the 
survival temperatures of the active principles which 
determine the organoleptic properties of the treated 
products. 

Furthermore, by means of an apparatus ac- 
cording to the invention, the preservation of the 
products is absolutely uniform, regardless of 
whether the process is performed continuously or 
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discontinuously. 

Further characteristics and advantages will be- 
come apparent from the detailed description of a 
method and a device according to the invention, 
illustrated only by way of non-limitative example in 
the accompanying drawings, wherein: 

Figures 1a and 1b schematically illustrate the 
structure of a pathogenic micro-organism; 
Figure 2 is a qualitative diagram of the correla- 
tion between the relative dielectric constants of 
the components present in the products to be 
preserved and the corresponding resonance fre- 
quencies of the alternating electromagnetic field; 
Figure 3 is a schematic view of a first embodi- 
ment of an apparatus according to the invention; 
Figure 4 is a schematic view of a detail of a 
second embodiment of the apparatus according 
to the invention; 

Figure 5 is a view of a detail of a third embodi- 
ment of the apparatus according to the inven- 
tion; 

Figure 6 is a view of a further embodiment of 
the apparatus according to the invention. 
The method according to the invention is ap- 
plied continuously to a given volume or to a given 
flow-rate of product which contains bacterial or 
sporal loads. 

The method comprises a first step of preheat- 
ing of the product with conventional thermal meth- 
ods up to a temperature proximate to the treat- 
ment's maximum temperature, for example com- 
prised between 40 °C and 45 °C, followed by a 
step of irradiation with an electromagnetic field. In 
particular, the field is generated in an open space 
comprised between a pair of facing emitting sur- 
faces which are connected to the terminals of an 
oscillator which operates in the range of radio fre- 
quencies below 1 GHz. The radiant energy E and 
the irradiation time tj are chosen so as to raise the 
product to a maximum temperature of approxi- 
mately 50 • C, such as to not alter the organic and 
organoleptic qualities of the product. 

This is followed by a step of maintenance of 
the product for a time t s at a substantially constant 
temperature which is equal to the maximum tem- 
perature of the process, in order to allow the com- 
plete destruction of the micro-organisms contained 
in said product. 

The product is finally subjected to a step of 
cooling down to temperatures suitable for its pack- 
aging in sterile conditions. 

Figure 2 qualitatively indicates the correlation 
between the electrical conductivity of the groups of 
organisms contained in the products and their reso- 
nance frequencies. Groups of coiiform bacteria, 
sporogenous bacteria and proteins, respectively 
designated by I, II and III, which have relative 
dielectric constants d, e 2, e3, are matched by 



resonance frequencies f1, f2 and f3. By using an 
alternating field with frequencies lower than the 
protein resonance frequencies, it is possible to 
ensure the constancy of the organic and organolep- 
5 tic properties of the products to be preserved. 
Tests and examinations have shown that the most 
suitable frequencies are radio frequencies com- 
prised between 6 MHz and 1 GHz, the use of 
which is allowed by currently applicable interna- 
io tional statutory provisions for industrial radio-fre- 
quency heaters. The best results have been ob- 
tained with frequencies comprised between 6 MHz 
and 915 MHz. The best results for each individual 
product are naturally obtained at a very specific 
15 frequency. For example, excellent results are ob- 
tained for milk with frequencies around 27 MHz. 

The specific energy of the electromagnetic 
field required to cause a 5T of less than 10 °C, 
including the unavoidable dispersions for current 
20 transformation and for the auxiliary equipment, can 
be comprised between 0.01 KW/I (10 KW/m 3 ) and 
0.10 KW/I (100 KW/m 3 ). It should preferably be 
comprised between 0.02 KW/I (20 KW/m 3 ) and 0.04 
KW/I (40 KW/m 3 ). 
25 Preservation may optionally be performed in a 

plurality of repeated steps or passes, performing 
intermediate coolings between the successive 
passes. 

In a practical case, by preheating a flow-rate of 
30 milk of approximately 1000 l/h to approximately 
40 "C and irradiating it with radio waves at a fre- 
quency of 27 MHz and with an energy of 15 KW 
for an exposure time tj of approximately 25 sec- 
onds until its final temperature rose to 50 0 C, and 
35 by subsequently maintaining the product at a con- 
stant temperature of approximately 50 °C for ap- 
proximately 30 seconds, it has been possible to 
achieve the complete destruction of the bacterial 
flora and of the main pathogenic viruses, leaving 
40 the organic and organoleptic properties of the treat- 
ed product absolutely unchanged. 

Figure 3 illustrates a first embodiment of an 
apparatus for performing the method described 
above. 

45 The apparatus, generally designated by the 

reference numeral 1, comprises a certain number 
of elements arranged in series along a hydraulic 
circuit, constituted by a tank 2 for the product to be 
treated, a pump 3, a preheater 4, an irradiation 

so section 5, an insulated maintenance vessel 6, a 
cooling unit 7 and a tank 8 for collecting the treated 
product. 

In particular, the irradiation section is consti- 
tuted by a container 9 which is used to confine a 
55 certain amount of product between a pair of planar 
plates 10 and 11 which are connected to the termi- 
nals of a source 12 of electromagnetic waves. Said 
source, according to a per se known technology 
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which is not a subject of the present invention, 
comprises a triode oscillator 13 and a power and 
amplifier circuit 1 4 supplied by an external electric 
power line 15. Downstream of the container 9, a 
temperature detector 16 sends a signal to an elec- 
tronic control unit 17. By means of control unit 17, 
it is possible to adjust irradiation power and time 
according to the final temperature of the product. A 
further probe 18 is arranged after the preheater 4. 
Probe 18 is used to adjust the temperature of the 
product before it is sent to the irradiation section. 

In this manner, the adjustment of the apparatus 
occurs automatically, so as to obtain the complete 
destruction of the micro-organisms contained in the 
product, according to the final temperature after 
irradiation. 

Figure 4 schematically illustrates the irradiation 
section of a second embodiment of an apparatus 
according to the invention. 

In particular, the plates of the capacitor are 
constituted respectively by an external cylinder 30 
and by a central electrode 31, wherein the two 
elements are kept in coaxial position by means of 
terminal insulating walls 32 and 33 so as to define 
a torus interspace 34. The product to be treated is 
fed into the chamber 34 through inlet and dis- 
charge ducts, respectively designated by 35 and 
36, by means of a circulator 37. The radio-fre- 
quency source, designated by 38, does not differ 
substantially from the one illustrated in Figure 3. 

Figure 5 illustrates another type of irradiation 
section according to the invention, generally des- 
ignated by the reference numeral 40. Said section 
substantially consists of a lower plate 41 which has 
a pair of coaxial cylindrical walls 42 and 43 which 
are mutually connected by a planar lower wall 44 
and by an upper plate 45. Upper plate 45 has a 
cylindrical wall 46 arranged coaxially to the cylin- 
drical walls 42 and 43 of the lower plate 41. A 
coiled tube 50, with an inlet 51 and an outlet 52, is 
inserted in the interspace defined between the wall 
45 of the upper plate and the wall 42 of the lower 
plate. A heat probe 53 and a cooling unit 54 are 
arranged in the portion 52 of the tube. After said 
cooling unit, the tube 50 enters the interspace 
defined between the wall 41 of the lower plate 40 
and the wall 45 of the upper plate 44, forming a 
second coiled portion with an outlet section 55 
provided with a heat probe 56. The temperature 
values detected by the probes 53 and 56 are sent 
to the control unit 60 in order to adjust the radio- 
frequency source 61, similarly to what has been 
described above. 

The tube 50 is made of a dielectric material 
which is transparent to electromagnetic waves in 
order to limit the absorption of energy of the os- 
cillating electromagnetic field, and is chosen so 
that it has a relative dielectric constant which is 



lower than that of the active components which 
determine the organic and organoleptic characteris- 
tics of the product to be preserved. Thus, the tube 
50 constitutes a shield with regard to the reso- 
5 nance frequencies of said active components, pro- 
tecting the latter against the destructive effects of 
the field. 

In this case, the preservation process can be 
performed in two stages, separated by an inter- 

w mediate cooling step performed by means of the 
exchanger 54, in order to limit the maximum tem- 
perature of the process. 

Figure 6 schematically shows a further embodi- 
ment of a continuous apparatus according to the 

75 invention, generally designated by the reference 
numeral 100. 

Said apparatus comprises a tank 101, for ex- 
ample made of stainless steel, for storing the prod- 
uct to be treated. Tank 101 is connected to a 

20 container 102, similar to the preceding one, for 
collecting the treated product by means of a hy- 
draulic circuit, generally designated by the refer- 
ence numeral 103. A variable-delivery pump 104 is 
arranged in series to the tank 101. A shunt valve 

25 105 allows to convey the product contained in the 
tank 101 through the pipe 106 of the circuit toward 
the primary circuit of a preheater 107, for example 
of the plate type in countercurrent, which uses the 
heated product itself as heating fluid. 

30 After the preheater 107 there is a heater 108 

which is similar to the preceding one but uses, as 
heating fluid, water at a temperature of approxi- 
mately 85 *C contained in an external circuit 109 
which is provided with a driven bypass valve 110. 

35 A temperature detector 111 is provided at the 
output of the heater 108 and drives the valve 110 
so as to keep the temperature of the product below 
the maximum temperature of the process (50 °C) 
and in any case below the temperature at which 

40 the active principles which determine the organic 
and organoleptic properties of the product degen- 
erate. 

After the preheater 108 there is an irradiation 
section, generally designated by the reference nu- 

45 meral 112, of the open type and having a cylin- 
drical symmetry, such as the one illustrated in 
Figure 5 and described earlier. The cylindrical and 
coaxial plates of the irradiation section 112 are 
connected to a triode oscillator 113 or the like 

so which is set so as to generate radio waves having a 
frequency comprised between 6 and 915 MHz. The 
frequency and power of the electromagnetic field 
are selected according to the composition and bac- 
terial concentration present in the product, which is 

55 determined beforehand by means of a sampling of 
bacterial swabs. 

By virtue of the relatively long wavelength of 
the radio waves emitted by the irradiation section, 
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the apparatus does not require a specific shielding 
for environmental safety purposes, with the con- 
sequence of limiting the complexity and cost of the 
facility and of allowing its use in conventional in- 
stallations without risks for the assigned personnel. 5 

As previously mentioned, the output product, 
from the irradiation section 112, is conveyed to the 
secondary circuit of the preheater 107 so as to 
recover part of the irradiation heat. The output 
product, from the secondary circuit of the 10 
preheater, cooled to approximately 30-^35° C, is 
then fed into the main circuit of a cooling unit 114 
which uses a mixture of water and glycol, kept at 
approximately O • C by an adapted chiller, as cool- 
ing fluid. The product, cooled to a final temperature 75 
of approximately 15 °C is conveyed through the 
pipe portion 115 toward the collecting container 
102, from which it is drawn in order to be packaged 
in adapted containers and packages. 

Conveniently, according to the invention, after 20 
the irradiation section 112 there is a region for 
maintaining the irradiated product at a substantially 
constant temperature, in order to allow the comple- 
tion of the process for the destruction of the bac- 
terial loads. Said maintenance region can be con- 25 
stituted by a "coulisse" shaped pipe 120 with ap- 
propriately insulated outgoing and return branches 
121 and 122. By varying the length of the portions 
121 and 122 it is possible to change the main- 
tenance time, which can be comprised between 10 30 
seconds and 1 minute depending on the persis- 
tence and concentration of the pathogenic micro- 
organisms. 

At the exit of the portion 122 of the main- 
tenance region 120 there is a temperature detector 35 

125 which sends an electric signal to a control unit 

126 of the oscillator 113 so as to keep the final 
temperature of the irradiated product below 50 • C. 
An auxiliary cooling unit, not illustrated in the draw- 
ings, can optionally be provided between each turn 40 
of the dielectric duct of the irradiation section in 
order to ensure that the preset maximum tempera- 
ture is never exceeded. 

According to a further aspect of the invention, a 
tube portion 106* branches from the shunt valve 45 
105 and directly conveys the product toward a 
second dielectric coiled portion of the tube which is 
arranged within the irradiation section 112. Said 
portion of the circuit is activated in order to per- 
form, when required, a preventive treatment which 50 
is suitable for breaking the persistent bacterial 
masses and clots which are present, for example, 
in heavily contaminated milk. 

The apparatus of Figure 6 allows to raise the 
temperature of the product with conventional ther- 55 
mal methods up to values proximate to the maxi- 
mum temperature of the treatment, which is 
reached by means of an irradiation of radio waves 



having a limited power, with relatively low fre- 
quencies and with relatively long times comprised 
between 10 seconds and 1 minute and in any case 
markedly lower than those of conventional thermal 
devices. 

The destructive energy used in the form of 
electromagnetic radiation thus constitutes a low 
percentage of the total energy transmitted to the 
product, minimizing the risks arising from the use 
of this form of energy which, next to its undeniable 
advantages, also has some environmental risks 
which must not be underestimated. 
The apparatus according to the invention can in- 
tegrate, or be arranged after, a fully conventional 
sterilization and/or pasteurization system in order to 
improve its operation. 

Claims 

1. Method for the continuous sterilization and/or 
pasteurization of biological and alimentary pro- 
ducts containing bacterial and sporal loads, 
particularly in the liquid or viscous state and 
non-packaged, comprising the steps of: 

- preheating a preset volume or flow-rate of 
the product to be treated up to a tempera- 
ture which is lower than the maximum tem- 
perature of the treatment; 

- irradiating said volume or said flow-rate of 
preheated product with an alternating elec- 
tromagnetic field generated in an open 
space comprised between at least one pair 
of facing plates of a radio wave source with 
frequencies in the range below 1 GHz; 

- maintaining the product at the maximum 
temperature of the process for a time de- 
pending on the concentration of the bac- 
terial loads, in order to complete and sta- 
bilize the destruction of the bacterial loads 
contained in the product; 

- cooling of the product to a temperature 
which is close to the ambient or packaging 
temperature; 

characterized in that said temperature of said 
preheating step is no less than 10 °C below 
said maximum temperature of the process; 
said irradiating step having a duration com- 
prised between 10 seconds and 1 minute, and 
said product being heated to a maximum tem- 
perature of approximately 50 * C, the energy of 
the electromagnetic field being comprised be- 
tween 0.01 KW/I (10 KW/m 3 ) and 0.10 KW/I 
(100 KW/m 3 ). 

Method according to claim 1, characterized in 
that it comprises, ahead of the main irradiation 
step, a secondary irradiation step which is in- 
tended to break up bacterial clots of products 
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with high bacterial concentration. 

3. Method according to claim 1, characterized in 
that the frequency of the alternating electro- 
magnetic field can vary between 6 MHz and 
915 MHz and is particularly comprised be- 
tween 13 MHz and 27 MHz for milk and its by- 
products. 

4. Method according to claim 1, characterized in 
that the specific energy of the electromagnetic 
field is comprised between 0.02 KW/I (20 
KW/m 3 ) and 0.04 KW/I (40 KW/m 3 ). 

5. Apparatus for carrying out the method defined 
in claims 1-4 comprising a conduit for connect- 
ing a tank for products to be treated to a 
container for collecting the treated products, 
irradiation means operating in the range of 
radio frequencies below 1 GHz for irradiating 
product confined within an irradiation region of 
the conduit with a high-frequency oscillating 
electromagnetic field, wherein said irradiation 
means comprises at least one pair of facing 
emitting surfaces connected to the terminals of 
an oscillator, and control means for adjusting 
the energy and frequency of the electromag- 
netic field, the irradiation time and the product 
temperature according to the composition and 
concentration of the bacterial loads, a 
preheater for preheating products to be treated 
located upstream of said irradiation section, 
and a temperature maintenance section locat- 
ed downstream of said irradiation section, 
characterized in that said temperature main- 
tenance section comprises a thermally insu- 
lated region for maintaining the product at a 
maximum temperature of treatment for a pre- 
determined time sufficient to ensure complete 
destruction of bacterial and sporal loads con- 
tained in the product, and wherein said control 
means comprise; 

- means for adjusting the energy of said 
electromagnetic field to a level com- 
prised between 0.01 KW/I (10 KW/m 3 ) 
and 0.1 KW/I (100 KW/m 3 ), and for ad- 
justing the irradiation time between 10 
seconds and 1 minute to heat the prod- 
uct to a maximum processing tempera- 
ture of approximately 50 9 C, and; 

- means for driving said preheater to heat 
the product to be treated to a tempera- 
ture not less than 10 *C below said maxi- 
mum processing temperature. 

6. Apparatus according to claim 5, characterized 
in that said facing emitting surfaces of said 
irradiation means have a generally cylindrical 



shape and are arranged coaxially so as to 
define at least one open interspace between 
them, said open interspace substantially hav- 
ing the shape of a torus. 

5 

7. Apparatus according to claim 5, characterized 
in that said facing emitting surfaces of said 
irradiation means have a substantially planar 
shape and are arranged in parallel so as to 

70 define at least one open interspace between 

them, said open interface having at least the 
shape of a prism. 

8. Apparatus according to one or more of the 
75 preceding claims, characterized in that said 

dielectric portion of said circuit is substantially 
spiral-shaped and is arranged in the open in- 
terspace comprised between said facing emit- 
ting surfaces so as to form an irradiation sec- 
20 tion which is open outward. 

9. Apparatus according to claim 5, characterized 
in that said thermally insulated region of said 
conduit includes a substantially U-shaped ther- 

25 mally insulated tube, said tube having a length; 

which may be adjusted according to the type 
and concentration of the bacterial loads con- 
tained in the product to be treated. 

30 10. Apparatus according to claim 8, characterized 
in that said preheater comprises at least one 
exchanger, after said irradiation section, said at 
least one exchanger being adapted to preheat 
the product to be irradiated, said product in 

35 output from the irradiation section, being the 

heating fluid of said exchanger. 

11. Apparatus according to claim 5, characterized 
in that a secondary dielectric portion is pro- 

40 vided ahead of said main dielectric portion 

along said circuit, said secondary dielectric 
portion being also arranged within the mag- 
netic field of the irradiation section and being 
adapted to break up the bacterial clots con- 

45 tained in the product to be treated. 

Patentanspruche 

1. Verfahren zum kontinuierlichen Sterilisieren 
50 und/oder Pasteurisieren von biologischen und 

Ernahrungsprodukten, die bakterielle Oder spo- 
renformige Belastungen enthalten, insbesonde- 
re im flUssigen Oder zahflUssigen und unver- 
packten Zustand, enthaltend die Schritte: 
55 - Vorheizen eines zu behandelnden, ein 

vorgegebenes Volumen oder eine vorge- 
gebene Fliefigeschwindigkeit aufweisen- 
den Produkts bis auf eine Temperatur, 
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2. 



5. 



die niedriger als die Maximaltemperatur 
der Behandlung ist; 
■ Bestrahlen des vorgeheizten, dieses Vo- 
lumen bzw. diese FlieBgeschwindigkeit 
auf weisenden Produkts mit einem elek- 5 
tromagnetischen Wechselfeld, das in ei- 
nem offenen Raum erzeugt wird, der zwi- 
schen zumindest einem Paar von einan- 
der zugewandten Platten vorgesehen ist, 
mittels eher Radiowellenquelle mit Fre- 10 
quenzen im Bereich unter 1 GHz; 

- Halten des Produktes auf der Maximal- 
temperatur des Prozesses uber eine Zeit, 
die von der Konzentration der bakteriel- 

len Beiastung abhangt, urn die Zersto- 15 
rung der im Produkt vorhandenen bakte- 
riellen Beiastung zu vollenden und zu 
stabilisieren; 

- Abkuhlen des Produktes auf eine Tem- 
peratur nahe der Umgebungs- oder Ver- 20 
packungstemperatur; 

dadurch gekennzeichnet, daB die Temperatur 
des Vorheizschrittes nicht weniger als 10 °C 
unter der Maximaltemperatur des Prozesses 
liegt, der Bestrahlungsschritt eine Dauer zwi- 25 
schen 10 Sekunden und 1 Minute hat und das 
Produkt auf eine Maximaltemperatur von etwa 
50 °C aufgeheizt wird, wobei die Energie des 
elektromagnetischen Feldes zwischen 0,01 
kW/l (10 kW/m 3 ) und 0,10 kW/l (100 kW/m 3 ) 30 
liegt. 

Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dafl es vor dem Haupt-Bestrahlungs- 
schritt noch einen Sekundar-Bestrahlungs- 35 
schritt enthalt, welcher dafur vorgesehen ist, 
Bakterienklumpen in Produkten mit hoher Bak- 
terienkonzentration aufzubrechen. 

Verfahren nach Anspruch 1, dadurch gekenn- 40 
zeichnet, dafl die Frequenz des elektromagne- 
tischen Wechselfeldes zwischen 6 und 915 
MHz variieren kann und fur Milch und deren 
Nebenprodukte insbesondere zwischen 13 und 
27 MHz liegt. 

Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die spezifische Energie des elek- 
tromagnetischen Feldes zwischen 0,02 kW/l 
(20 kW/m 3 ) und 0,04 kW/l (40 kW/m 3 ) liegt. so 

Vorrichtung zur Durchfuhrung des Verfahrens 
nach den Anspruchen 1 bis 4, enthaltend eine 
Leitung zum Verbinden eines Tanks fur zu 
behandelnde Produkte mit einem Behalter zum 55 
Sammeln der behandelten Produkte, Bestrah- 
lungsmittei, die im Radiofrequenzbereich unter 
1 GHz arbeiten, zur Bestrahlung der in einem 



45 



Bestrahlungsbereich der Leitung eingeschlos- 
senen Produkte mit einem hochfrequent 
schwingenden elektromagnetischen Feld, wo- 
bei die Bestrahlungsmittel mindestens ein Paar 
von einander zugewandten, an die Anschlusse 
eines Oszillators angeschlossenen Strahlungs- 
flachen aufweisen, Steuerungsmittel zum Ein- 
stellen der Energie und Frequenz des elektro- 
magnetischen Feldes, der Bestrahlungszeit 
und der Temperatur der Produkte entspre- 
chend der Zusammensetzung und der Konzen- 
tration der bakteriellen Belastungen, einen stro- 
mauf vom Bestrahlungsbereich gelegenen Vor- 
heizer zum Vorheizen der zu behandelnden 
Produkte und einen stromab vom Bestrah- 
lungsbereich gelegenen Temperaturhaltebe- 
reich, dadurch gekennzeichnet, daB der Tem- 
peraturhaltebereich einen thermisch isolierten 
Bereich aufweist, urn die Produkte fur eine 
vorbestimmte Zeit, die ausreicht, urn die volli- 
ge Zerstorung von in den Produkten enthalte- 
nen bakteriellen und sporenformigen Belastun- 
gen sicherzustellen, auf einer Maximaltempera- 
tur der Behandlung zu halten, und wobei die 
Steuerungsmittel enthalten: 

- Mittel zum Einstellen der Energie des 
elektromagnetischen Feldes auf ein Ni- 
veau zwischen 0,01 kW/l (10 kW/m 3 ) und 
0,1 kW/l (100 kW/m 3 ) und zum Einstellen 
der Bestrahlungszeit zwischen 10 Sekun- 
den und 1 Minute, urn das Erzeugnis auf 
eine maximale Behandlungstemperatur 
von etwa 50 0 C aufzuheizen, und 

- Mittel zum Ansteuern des Vorheizers, urn 
das zu behandelnde Erzeugnis auf eine 
Temperatur von nicht weniger als 10°C 
unter der maximalen Behandlungstempe- 
ratur aufzuheizen. 

Vorrichtung nach Anspruch 5, dadurch gekenn- 
zeichnet, dafl die einander zugewandten Strah- 
lungsflachen der Bestrahlungsmittel eine im 
allgemeinen zyiindrische Form haben und koa- 
xial angeordnet sind, so dafl sie zumindest 
einen offenen Zwischenraum zwischen sich 
begrenzen, wobei dieser offene Zwischenraum 
im wesentlichen die Form eines Torus hat 

Vorrichtung nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die einander zugewandten Strah- 
lungsfiachen der Bestrahlungsmittel eine im 
wesentlichen ebene Form haben und parallel 
angeordnet sind, so daB sie zumindest einen 
offenen Zwischenraum zwischen sich begren- 
zen, wobei dieser offene Zwischenraum wenig- 
stens die Form eines Prismas hat. 
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8. Vorrichtung nach einem oder mehreren der 
vorhergehenden Anspruche, dadurch gekenn- 
zeichnet, daJ3 der dielektrische Abschnitt der 
Leitung im wesentlichen spiralformig und so in 
dem offenen Zwischenraum zwischen den ein- 5 
ander zugewandten Strahlungsflachen ange- 
ordnet ist, daB er einen Bestrahlungsbereich 
bildet, der nach aufien often ist. 

9. Vorrichtung nach Anspruch 5, dadurch gekenn- w 
zeichnet, daB der thermisch isolierte Bereich 

der Leitung ein im wesentlichen U-formiges, 
thermisch isoliertes Rohr enthalt, welches eine 
Lange hat, die entsprechend der Art und Kon- 
zentration der im zu behandeln den Produkt 75 
enthaltenen bakteriellen Belastung eingestellt 
werden kann. 

10. Vorrichtung nach Anspruch 8, dadurch gekenn- 
zeichnet, daB der Vorheizer hinter dem Be- 20 
strahlungsbereich mindestens einen Warme- 
tauscher hat, der geeignet ist, das zu bestrah- 
lende Produkt vorzuheizen, wobei dieses Pro- 
dukt beim Austritt aus dem Bestrahlungsbe- 
reich die HeizflQssigkeit des Warmetauschers 25 
ist. 

11. Vorrichtung nach Anspruch 5, dadurch gekenn- 
zeichnet, daB entlang der Leitung vor dem 
dielektrischen Haupt-Bereich ein dielektrischer 30 
Sekundar-Bereich vorgesehen ist, wobei dieser 
dielektrische Sekundar-Bereich ebenfalls inner- 
halb des magnetischen Feldes des Bestrah- 
lungsbereiches angeordnet und geeignet ist, in 
dem zu behandelnden Produkt enthaltene Bak- 35 
terienklumpen aufzubrechen. 

Revendications 

1. Procede de sterilisation et/ou de pasteurisation 40 
continue de produits biologiques et alimentai- 
res contenant des bacteries et des spores, 
notamment a Tetat liquide ou visqueux et non 
embalms, comprenant les Stapes consistant a : 

- prechauffer un volume ou un ecoulement 45 
predetermine du produit a traiter jusqu'a 

une temperature qui est inferieure a la tem- 
perature maximale du traitement ; 

- exposer ledit volume ou ledit ecoulement 

de produit prechauffe a un champ electro- so 
magnetique alternatif produit dans un espa- 
ce ouvert, compris entre au moins une paire 
de plaques face a face d'une source d'on- 
des radio ayant des frequences dans la 
gamme inferieure a 1 GHz ; 55 

- maintenir le produit a la temperature 
maximale du processus pour une duree qui 
depend de la concentration des charges 



bacteriennes, afin de parachever et de sta- 
biliser la destruction des charges bacterien- 
nes contenues dans le produit ; 
- refroidir le produit jusqu'a une temperatu- 
re qui est proche de la temperature ambian- 
te ou de la temperature d'emballage ; 
caracterise en ce que ladite temperature 
de ladite etape de prechauffage est inferieure 
d'au moins 10 *C a ladite temperature maxi- 
male du processus ; en ce que ladite etape 
deposition a une duree comprise entre 10 
secondes et 1 minute, en ce que ledit produit 
est chauffe jusqu'a une temperature maximale 
d'approximativement 50° C, et en ce que 
renergie du champ electromagnetique est 
comprise entre 0,01 KW/I (10 KW/m 3 ) et 0,10 
KW/I (100 KW/m 3 ). 

2. Procede selon la revendication 1, caracterise 
en ce qu'il comprend, avant retape deposi- 
tion principale, une etape deposition secon- 
dare qui est destinee a fragmenter des grou- 
pes bacteriens dans des produits ayant une 
concentration bacterienne eievee. 

3. Procede selon la revendication 1, caracterise 
en ce que la frequence du champ electroma- 
gnetique alternatif peut varier entre 6 MHz et 
915 MHz et en ce qu'elle est, en particulier, 
comprise entre 13 MHz et 27 MHz pour le lait 
et ses produits derives. 

4. Procede selon la revendication 1, caracterise 
en ce que renergie specifique du champ elec- 
tromagnetique est comprise entre 0,02 KW/I 
(20 KW/m 3 ) et 0,04 KW/I (40 KW/m 3 ). 

5. Dispositif pour la mise en oeuvre du procede 
defini dans les revendications 1 a 4, compre- 
nant un conduit pour relier un reservoir de 
produits a traiter h un recipient coilecteur de 
produits traites, un moyen deposition fonc- 
tionnant dans la gamme de radiofrequences 
inferieure a 1 GHz pour exposer le produit 
confine dans une zone deposition du conduit 
a un champ electromagnetique osciliant haute 
frequence, dans lequel ledit moyen deposi- 
tion comprend au moins une paire de surfaces 
emettrices disposees face a face et reliees aux 
bornes d'un oscillateur, et des moyens de 
commande pour regler renergie et la frequen- 
ce du champ electromagnetique, la duree 
deposition et la temperature du produit en 
fonction de la composition et de la concentra- 
tion bacterienne, un prechauffeur pour le pre- 
chauffage des produits a traiter, situe en 
amont de ladite partie exposition, et une partie 
de maintien k temperature, situee en aval de 
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6. 



7. 



8. 



ladite partie exposition, caracterise en ce que 
ladite partie de maintien a temperature com- 
prend une zone thermiquement isoiee pour 
maintenir le produit a une temperature maxi- 
male de traitement pour une duree suffisante 5 
pour assurer une destruction complete des 
bacteries et des spores contenues dans le 
produit, et en ce que lesdits moyens de com- 
mande comprennent : 

- un moyen pour le reglage de I'energie 10 
dudit champ electromagnetique a un ni- 
veau compris entre 0,01 KW/I (10 
KW/m 3 ) et 0,1 KW/I (100 KW/m 3 ), et pour 
le reglage de la duree deposition entre 
1 0 secondes et 1 minute af in de chauffer 75 
le produit jusqu'a une temperature de 
traitement maximale d'approximative- 
ment 50 0 C et ; 

- un moyen pour mettre en fonction ledit 
prechauffeur pour le chauffage du produit 20 
a traiter jusqu'a une temperature infe- 
rieure d'au moins 10 9 C a ladite tempe- 
rature de traitement maximale. 

Dispositif selon la revendication 5, caracterise 25 
en ce que lesdites surfaces emettrices, dispo- 
sees face a face, dudit moyen d'exposition ont 
une forme globalement cylindrique et sont pia- 
cees de maniere coaxiale afin de definir entre 
elles au moins un espace ouvert, ledit espace 30 
ouvert ayant sensiblement la forme d'un tore, 

Dispositif selon la revendication 5, caracterise 
en ce que lesdites surfaces emettrices face a 
face dudit moyen d'exposition ont une forme 35 
sensiblement plane et sont disposees de ma- 
niere parallele pour definir entre elles au moins 
un espace ouvert, ledit espacement ouvert 
ayant au moins la forme d'un prisme. 

Dispositif selon une ou plusieurs des revendi- 
cations precedentes, caracterise en ce que 
ladite partie dielectrique dudit circuit est sensi- 
blement en forme de spirale et est placee 
dans I'espace ouvert compris entre lesdites 45 
surfaces emettrices face a face, de maniere a 
constituer une partie exposition qui est ouverte 
vers I'exterieur. 
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10. Dispositif selon la revendication 8, caracterise 
en ce que ledit prechauffeur comprend au 
moins un echangeur, apres ladite partie expo- 
sition, ledit au moins un echangeur etant pro- 
pre a prechauffer le produit a exposer, ledit 
produit venant de la partie exposition etant le 
fluide de chauffage dudit Echangeur. 

11. Dispositif selon la revendication 5, caracterise 
en ce qu'il est prevu une partie dielectrique 
secondaire avant ladite partie dielectrique prin- 
cipal le long dudit circuit, ladite partie dielec- 
trique secondaire etant egalement disposee 
dans le champ magnetique de la partie exposi- 
tion et etant propre a fragmenter les groupes 
de bacteries contenus dans le produit a traiter. 



Dispositif selon la revendication 5, caracterise 
en ce que ladite zone thermiquement isoiee 
dudit conduit comprend un tube thermique- 
ment isole sensiblement en forme de U, ledit 
tube ayant une longueur qui peut etre reglee 
en fonction du type et de la concentration des 
bacteries contenues dans le produit a traiter. 
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